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These Notes are extracted — 

1st. — ^From " Remarks on the present System of Road-making &c. 
by John Loudon M'Adam, General Surveyor of Roads in the 
Bristol District." [London, 1827]. 

And 2ndly. — From " A Practical Treatise on the best mode of 
Making and Repairing Roads, by Charles Penfold, Surveyor. 
Printed under the superintendence of the Society for the 
Diffusion of Useful Knowledge, and forming part of the 
Farmer Series." 1847. 
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JOHN LOUDON M'ADAM. 



'' The obseryations I have made in a period of twenty-six years on 
" the roads of the kingdom, in which time I have travelled over the 
" greater nmnber in England and Scotland, and the opportunities I 
** have had of making comparisons on the different materials and the 
" modes of their application, have led me to form the following con- 
" elusions." 

**• 1st. That the present bad condition of the roads of the kingdom 
" is owing to the injudicious application of the materials with which 
** they are repaired, and to the defective form of the roads." 

" 2nd. That the introduction of a better system of making the 
" surface of the roads, and the application of scientific principles, 
" which has hitherto never been thought of, would remedy the evil." 

'^ In illustration of these positions, I beg to observe, that the object 
'^ to be attained in a good road, as far as regards the surface, is to have 
** it smooth, solid, and so flat as that a carriage may stand upright ; 
" these objects are not attained by the present system, because no 
'^scientific principles are applied; but it is presumed they are per- 
'* fectly attainable in all parts of the country." 

'^ Stone is to be procured in some form in almost every part of the 
" kingdom, and a road made of small broken stone to the depth of ten 
" inches, will be smooth, solid and durable." 

" The materials of which the present roads are composed, are not 
" worn out ; but are displaced by the action of the wheels of carriages 
*^ upon stones of too large a size : the wheel does not pass over the 
'' materials of which the road is formed, but is constantly, almost at 
" every step, encountering an obstacle which must either give way and 
" be removed, or the carriage must be lifted by the force of the cattle 
" so as to surmount it ; in either case the road is injured, and the 
" carriage impeded, and the injury and impediment will be great in the 
'' exact proportion to the number and size of the obstacles." 

" The size of stones for a road has been described in contracts in 
" several different ways, sometimes as the size of a hen^s egg, some- 
" times at half a pound weight. These descriptions are very vague, 
" the first being an indefinite size, and the latter depending on the 
'' density of the stone used, and neither being attended to in the 
** execution. The size of stone used on a road must be in due pro- 



'^ portion to the space occupied by a wheel of ordinary dimensions on 
" a smooth level surface, this point of contact will be found to be, 
"longitudinally about an inch, and every piece of stone put into 
"a road, which exceeds an inch in any of its dimensions, is 
" mischievous."* 

No addition of materials is to be brought upon a road, unless in any 
part of it be found that there is not a quantity of dean stone equal to 
ten inches in thickness. 

The stone already in the road is to be loosed up and broken, so as 
no piece shall exceed six ounces in weight. 

The road is then to be laid as flat as possible, a rise of three inches 
from the centre to the side is sufficient for a road thirty feet wide. 

The stones when loosened in the road are to be gathered off by means 
of a strong heavy rake, with teeth two and a half inches in length, to 
the side of the road, and there broken, and on no account are stones 
to be broken on the road. 

When the great stones have been removed, and none left in the road 
exceeding six ounces, the road is to be put in shape and a rake 
employed to smooth the surface, which will at the same time bring to 
the surface the remaining stone, and will allow the dirt to go down. 

When the road is so prepared, the stone that has been broken by 
the side of the road is then to be carefully spread on it — ^this is rather 
a nice operation, and the future quality of the road will greatly depend 
on the manner in which it is performed. The stone must not be laid 
on in shovels full, but scattered over the surface, one shovel full 
following another and spreading over a considerable space. 

Only a small space of road should be lifted at once ; five men in a 
gang should be set to lift it aU across : two men should continue to 
pick up and rake off the large stones and to form the road for re- 
ceiving the broken stone, the other three should break stones — the 
broken stone to be laid on as soon as the piece of road is prepared to 
receive it, and then break up another piece ; two or three yards at one 
lift is enough^ 

The proportioning the work among the five men must of course be 
regulated by the nature of the road ; when there are many very large 
stones, the three breakers may not be able to keep pace with the two 
men employed in lifting and forming, and when there are few large 
stones the contrary may be the case; of all this the Surveyor must 
jiidge and direct. 

But while it is recommended to lift and relay roads which have 
been made with large stone, or with large stone mixed with clay, 
chalk or other mischievous materials, there are many cases in which it 

 Extracts from Observations on the Highways of the United Kingdom, 
presented to the Committee of the Honse of Commons, and printed by order 
of the House, 1811. 



would be highly unprofitable to lift and relay a road, even if the 
materials should have been originally too large. 

When additional stone is wanted on a road that has consolidated by 
use, the old hardened surface of the road is to be loosened with a 
pick, in order to make the fresh materials unite with the old. 

Carriages, whsterer be the construction of their wheels, will make 
ruts in a new made road until it consolidates, however well the 
materials may be prepared, or however judiciously applied ; therefore 
a careful person must attend for some time after the road is opened 
for use, to rake in the track made by wheels. 

The only proper method of breaking stones, both for effect and 
economy, is by persons aittmg ; the stones are to be placed in small 
heaps, and women, boys, or old men past hard labour, must sit down 
with small hammers and break them, so as none shall exceed six 
ounces in weight. 

The Tools to he used are, — 

Strong picks, but short from the handle to the point, for lifting 
the road. 

Small hammers of about one pound weight in the head, the face the 
size of a new shilling, well steeled, with a short handle. 

Kakes with wooden heads, ten inches in length, and iron teeth about 
two and a half inches in length, very strong for raking out the large 
stones when the road is broken up, and for keeping the road smooth 
after being relaid, and while it is consolidating. 

Very light broad-mouthed shovels, to spread the broken stone and 
to form the road. 

Every road is to be made of broken stone without mixture of earth, 
clay, chalk, or any other matter that will imbibe water, and be affected 
with frost; nothing is to be laid on the clean stone on pretence of 
hinding; broken stone will combine by its own angles into a smooth 
solid sur&ee that cannot be affected by vicissitudes of weather, or 
displaced by the action of wheels, which will pass over it without a 
jolt, and consequently without injury.* 

During the late winter, and particularly in the month of January, 
1820, when the frost was succeeded by a sudden thaw, accompanied 
by the melting of snow, the roads of the kingdom broke up in a very 
alarming manner, and to an extent that created great loss and incon- 
veniente by the interruption of communication, and the delay of the 
mails, and also occasioned a very heavy extra expenditure by the 
Post-office. 

The obvious cause of this defect of the roads, was the admission of 
water from the loose and unskilful method of their construction. 
Previous to the severe frost, the roads were filled with water, which 
had penetrated through the ill- prepared and unskilfully laid materials; 
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this caused an immediate expansion of the whole mass daring the 
frost, and upon a sudden thaw, the roads became quite loose, and the 
wheels of carriages penetrated to the original soil, which was also 
saturated with water, from the open state of the road. By this means, 
many roads became altogether impassable, while the whole were 
rendered deep and inconvenient to be travelled upon. 

In particular, it was observed, that aU the roads of which chalk was 
a component part, became, generally, impassable; and even that the 
roads made over chalk soils gave way in most places. This evidently 
proceeded from the absorbent quality of chalk, which renders it so 
tenacious of water, that I consider its use to be one of the most 
dangerous errors in road making. I was induced on former occasions 
to recommend particular care in making roads over chalk soils, and to 
advise a discontinuance of the practice of mixing chalk, clay, or any 
other matter that holds water, with the materials of a road. The 
experience of last winter has confirmed this opinion, and has shewn 
the ruinous effects of the former method. 

Of all the roads which have been thoroughly re-made, accordii^ to 
the directions which I had the honour to submit to your Honourable 
Board last spring, not one has given way, nor has any delay taken 
place through the severity of the late season. 

As every winter has, in some degree, presented such inconveniences, 
and as it has been observed that very severe winters occur in England 
every six or seven years, it is of great consequence to consider of the 
means of constructing the roads of the kingdom in such a manner as 
shall prevent their being in future affected by any change of weather 
or season. 

The roads can never be rendered thus perfectly secure, until the 
following principles be fully understood, admitted, and acted upon : 
namely, that it is the native soil which really supports the weight of 
traffic: that whUe it is preserved in a dry state, it will* carry any 
weight without sinking, and that it does in fact carry the road and the 
carriages also ; that this native soil must previously be made quite dry, 
and a covering impenetrable to rain, must then be placed over it, to 
preserve it in that dry state ; that the thickness of a road should only 
be regulated by the quantity of material necessary to form such 
impervious covering, and never by any reference to its awn power of 
carrying weight. 

The erroneous opinion so long acted upon, and so tenaciously 
adhered to, that by placing a large quantity of stone under the roadsj 
a remedy will be found for the sinking into wet clay, or other soft 
soils, or in other words, that a road may be made sufficiently strong, 
artificially, to carry heavy carriages, though the sub-soU be in a wet 
state, and by such means to avert the inconveniences of the natural 
soil receiving water from rain, or other causes, has produced most of 
the defects of the roads of Great Britain. 



. ^ one time I iu^d fomed the opintoit that this practice was only a 
useless expence, but experience has cottYinced me that it is likewise 
p^osi^ivelj injurious. 

It is well known to every skilful and observant road-maker, that if 
strata of stone of various sizes be placed as a road, the largest stones 
will constantly work up by the shaking and pressure of the traffic, 
and that the only ntode of keeping the stones of a road from motion, 
is to use materials of a unifonn size from the bottom. In roads made 
upon large stones as a foundation, the perpetual motion, or change of 
the position of the materials, keeps open many apertures through 
vfinch t^e water passes. 

It has also been found, that roads placed upon a hard bottom, wear 
awi^ more quickly than those which are placed upon a soft soil. This 
has been apparent upon roads where motives of economy, or other 
causes, have prevented the road being lifted to the bottom at once ; 
the wear has always been found to diminish, as soon as it was possible 
to remove the hard foundation. It is a known fact, that a road lasts 
much longer over a morass than when made over rock. The evidence 
produced before the Committee of the House of Conunons, shewed 
the comparison on the road between Bristol and Bridgwater, to be as 
five to seven in fEivour of the wearing on the morass, where the road 
is laid on the naked surface of the soil, against a part of the same 
road made over rocky ground. 

The practice common in England, and universal in Scotland, on 
the formation of a new road, is, to dig a trench below the surface of 
the ground adjoining, and in this trench to deposit a quantity of large 
stones; after this, a second quantity of stone, broken smaller, 
generally to about seven or eight pounds weight; these previous 
beds of stone are called the bottonung of the road, and are of 
various thickness, according to the caprice of the maker, and 
g^erally iji proportion to the sum of money placed at his disposal. 
On some new roads, made in Scotland, in the summer of 1819, the 
t)uckness exceeded three feet. 

That which is properly called the road, is then placed on the 
bottoming, by putting large quantities of broken stone or gravel, 
generally a foot or eighteen inches thick, at once upon it. 

Where the materials of which the road itself is composed, properly 
selected, prepared, and laid, some of the inconveniences of this system 
might be avoided; but in the careless way in which this service is 
generally performed, the road is as op^ as a sieve to receive water ; 
which penetrates through the whole mass, is received and retained in 
the trench, whence the road is liable to give way in all changes of 
weather. 

A road formed on such principles has never effectually answered the 
purpose which the road-maker should constantly have in view; 
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namely, to make a secure, leyeI*flooriiig, over whieh carriages may 
pass with safety, and equal expedition, at all seasons of the year. 

If it be admitted, as I believe it is now very generally, that in this 
kingdom an artificial road is only required to obviate the inconvenience 
of a very unsettled climate; and that water with alternate frost and 
thaw, are the evils to be guarded against, it must be obvious that 
nothing can be more erroneous than providing a reservoir for water 
under the road and giving facility to the water to pass though the 
road into this trench, where it is acted upon by frost to the destruction 
of the road. 

As no artificial road can ever be made so good, and so useful as the 
natural soil in a dry state, it is only necessary to procure, and preserve 
this dry state of so much ground as is intended to be occupied by a 
road. 

The first operation in making a road should be the reverse of dig^ng 
a trench. The road should not be sunk below, but rather raised above, 
the ordinary level of the adjacent ground, care should at any rate be 
taken, that there be a sufficient fall to take off the water, so that it 
should always be some inches below the level of the ground upon 
which the road is intended to be placed : this must be done, either by 
making drains to lower ground, or if that be not practicable, from the 
nature of the country, then the soil upon which the road is proposed 
to be laid, must be raised by addition, so as to be some inches above 
the level of the water. 

Having secured the soil from under water, the road-maker is next to 
secure it from rain water, by a solid road, made of clean, dry stone, 
or flint, so selected, prepared, and laid, as to be perfectly impervious 
to water: and this cannot be effected, unless the greatest care be taken 
that no earth, clay, chalk, or other matter, that will hold or conduct 
water, be mixed with the broken stone ; which must be so prepared 
and laid, as to unite by its own angles into a firm,* compact, 
impenetrable body. 

The thickness of such road is immaterial, as to its strength for 
carrying weight; this object is already obtained by providing a dry 
surface, over which the road is to be placed as a covering, or roof, to 
preserve it in that state : experience having shewn, that if water passes 
through a road, and fill the native soil, the road, whatever may be its 
thickness, loses its support, and goes to pieces.* 

* Report to the President and Board of Agriculture. 
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CHARLES PENFOLD, 1847. 



PRINCIPLES TO BE FOLLOWED IN REPAIRING OLD 

ROADS. 

FOUNDATION. 

The best foundation for a road is a substratum kept perfectly dry 
by proper and effectual drainage. Secure this, and it forms a basis for 
the materials to rest upon, far more economical, in every respect, than 
the pitching stones ; first, in the prime cost of it, and, secondly, in the 
diminution of wear. As to the elasticity, or giving propensity in a 
road, made without pitching stones, nothing need be apprehended ; for 
with a subsoil drained, and a competent thickness of the common 
materials kept up, elasticity vanishes. 

Besides, in a pitched foundation some of the stones would be liable 
to sink deeper into the subsoil than the rest, and would consequently 
cause holes to appear in the surface, which would not occur when a 
body of flint broken small is the substratum. 

K one substance used in road-making be harder than another, that 
substance should be upon the surface, and not at the foundation ; to 
lay the softer upon the harder, must have the effect of sacrificing the 
inferior material. If the pitching-stone be of a softer nature than the 
materials to be laid upon it, the objection to its use will not then 
apply. 

DBAINAGE. 

* 

Next in order comes drainage. No attempt at repair must be made 
until great care has been bestowed upon this point — b. point so desi- 
rable in road-making, that any exertion in other respects will be 
fruitless when this is unattended to. Of what service can metal be 
when the road is immersed in water ? Can it consolidate ? Can it 
form a compact and hard substance when water is amongst it, con- 
suming as it were its very vitals ? Water in a road is as the canker, 
inwardly fretting and destroying the very principle of life. To effect 
this, let the ditches be examined, and if found not to be sufficiently below 
the foundation of the road, they must be cleansed and lowered, and a 
ready fall secured leading from the road. If the £all be slight, create, 
if possible, an artificial one. If the subsoil of the road contain springs, 
find them out, and fear not to cut well into them, laying an under- 
drain of tiles or blocks of chalk, or large pieces of stone or bricks, 
from the pouit of the spring into the ditch. If this be not done, the 
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road in those places will be constantly sinking into holes and soft 
places, and consume more materials in a year than the expense of the 
under-drain will amount to ; but the nnder-drain will last for years, 
and the roads be always sound. Outlets from the water-tables into the 
ditches cannot be seen in too many places : if they be not attended 
to, the water which falls upoQ the surface of the road cannot escape, 
and must have a bad effect. It will very often be seen, that the lands 
adjoining are situate upon a higher level than the road, and when this 
is found, water will have a natural tendency to pass through and 
across it. 

In these instances, if there be no ditch to intercept the water, there 
must be one made, or an under-drain along the water-table, or under 
the footpath, formed, as before described, of chalk or stone, that the 
foundation may be preserved. When a particular piece of road ia 
observed to be continually heavy and in a bad state, requiring a coat 
of materials constantly repeated, it is situated either in that manner, 
or in a flat, where the water cannot escape. There are very few 
instances in which relief may not be afforded by drainage; and a 
careful observer will find how immediate the relief is, and how muc^ 
wear is saved when effectually conducted, and how improved the road 
becomes with respect to the draught for horses. It will be found that 
drainage is less attended to upon parish highways, than even the 
general course of repair by gravelling, &c. 

It is not necessary to say more upon this part of the subject than to 
repeat, that before any other step be taken towards repairing a road, 
the drainage must be made perfect, or all efforts, in other respects, 
will be labour in vain. 

THE SUBSTANCE OR THICKNESS OF KATERIALS. 

Without a sufficient depth of consolidated materials there will not 
be a resistance equal to the weights which a highway is subject to. 
There must be weight to resist weight. This may be regulated by the 
degree of consolidation which the body of the road has, by skill, 
acquired. If the weight of metal forming the substance be of an im- 
perfect quality, more will be required than when sound and clean. In 
proportion to the quantity of deleterious matter contained in the 
body must the thickness be increased. Any matter that is not of a 
sound nature has no power in road-making, and, therefore, the hard 
materials alone contained in the road^s substance can be calculated 
upon as possessing the quality to resist weights. 

If an inefficient thickness of good materials be allowed to eontinne 
for any time, the result must be a heavy and imperfect state of road^ 
The power will not be equal to carry the wdghts, and the condition 
of the surface will be worse and worse, until the whole body will be 
cut through, ploughed up as it were, and become impassable. It wiU 
be beyond the skill of any one to ke^ a sound road, when the 
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strength is unequal to resist the passing pressure. Experience haer 
taught, that there can be no real security against a road giving way, 
taking the year through, unless twelve inches at least of good sound 
consolidated materials form the body of a road ; and this upon a foun- 
dation rendered sound and dry by effectual drainage. In many 
instances, there may be less substance than this, and the surface may 
appear perfectly sound and level to the eye ; but in the event of a 
severe winter such a state of things will speak for itself. It will make 
itself manifest by the blowing up of the road at the giving of a long 
frost ; when parsimony will prove itself to be but foolishness. Pro- 
vide, then, the degree of substance before mentioned, and rest satisfied 
that enough has been done in this particular. 

SORT OP MATERIALS TO BE USED. 

It is obvious that a surveyor in the choice of the materials with 
which he would construct or repair a road must be mainly guided by 
the expense at which he can procure such materials broken and thrown 
down in the situation in which they are to be used. The ability to 
ascertain the strength and durability of each sort of stone, so as to 
form a correct estimate of their comparative value, is one of the chief 
qualifications of a road surveyor. It is a ruinous economy often prac- 
tised to use soft stone, because it may be obtained near at hand, and 
at a third of the price of a strong stone which may be brought from a 
somewhat greater distance ; and sometimes from an ignorance of the 
qualities required in a road-stone, inferior materials (as flint) are pre- 
ferred, when superior materials (as whinstone or basalt) may be 
obtained at equal, or even less cost. We shall now offer some rules 
for the guidance of road-improvers on this head, laying down first the 
principle on which the selection ought to be made, and afterwards 
illustrating it by reference to particular kinds of stone. 

For ordinary purposes, Mr. De la Beche suggests that the best means 
of ascertaining the comparative toughness of stones is to pound equal 
pieces of equal size. In general those stones which are most easily 
broken into small pieces with a hammer are those which are least 
fitted for roads. 

The mineralogical character of rocks comprehended under one 
geological denomination often differs so widely, that it is difficult to 
lay down any rules which shall be universally true of any kind of 
stone. The following remarks will, however, be found of tolerably 
general application. 

The trappean and basaltic rocks are those best suited for the 
construction of roads: No material has ever been used superior to 
the tough basalts, which are brought in ballast in ships from China 
and Bombay, and which have been partially used in the Macadamised 
streets of London The whinstones of Northumberland, and the dark 
basalt of the Clee Hill in Shropshire, are almost perfect as road-stones. 
Among the granites, the Aberdeen, the Guernsey, and Dartmoor are 
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preferable to that of Cornwall. Indeed the 'darkest in colour are 
invariably the best as containing a greater proportion of hornblende, 
which is tough, than is found in those of lighter colour, where the 
brittle substances of felspar and quartz are the chief ingredients. 
Limestones in many respects afford an excellent material; but, 
excepting the carboniferous and some of the transition lime-stones, 
against which little objection can be urged, they have several defects 
which ' partly counterbalance their merits of smoothness of surface ; 
they are too tender for the support of heavy weights, and are so 
slippery after wet as to cause frequent and unavoidable accidents. 

It will be hereafter remarked, that the more unyielding the 
material, the smaller is the size to which it ought to be broken; 
while soft stones may be safely laid on a road in larger pieces. 
Limestones, however, have in general a peculiar quality of making 
smooth roads, even if not broken to a small size, probably on account 
of the binding and cementing power which they possess. Pit gravel, 
especially that belonging to the new red sand-stone formation, is in 
general, not to be depended upon, as containing stones of different sorts, 
and consequently of different degrees of strength. The gravel of the 
chalks and other soils in the southern part of England consists, 
however, almost entirely of flint ; which, as has been above remarked, 
is too brittle to form a good road-stone. In places, however, too 
remote from water-carriage to admit of any substitute being obtained 
at a reasonable expense, the following rules for the use of flint pebbles 
may be observed: — 

In the first place cleanse them of all dirt and useless matter by 
sifting. Then separate all the large from the small stones by a like 
operation; but through a coarse sieve having the wires an inch 
asunder from centre to centre. Break every stone that will not pass 
the sieve, so as to reduce it into angular pieces. Lay on the unbroken 
pebbles first, but by no means in large quantities. When the pebbles 
have worked together awhile, spread the angular pieces over the 
whole. Too great space of time must not be allowed to elapse before 
the broken pebble be laid on, or the surface will, perhaps, have 
become too hard to admit it, and an unnecessary waste will occur 
before incorporation takes place. 

FBEPARATION OF MATERIALS. 

Great negligence or want of skill is shown upon parish roads, in the 
preparation of materials before laid on the road. There are, at any 
rate, but very few exceptions to this assertion, and they are only to be 
found in those cases where enlightened gentlemen, from the interest 
they feel in the subject, undertake the office of parish surveyor. 

In general it will be seen, that materials are brought to the road in 
large quantities, and of a great size, full of dirt, clay, and other 
pernicious matter. They are not broken, but large and small, round 
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and angular, in one promiscuous mass, are shot down upon the surface. 
It sometimes happens that a surveyor, rather more nice in his 
operations than the rest, will hreak a few of the largest size, but 
no farther : the mass of mixed substances is left to form itself into a 
road, as chance may place it, or as it may be urged or worked into 
a settlement by the action of passing wheels. Much of these ingre- 
dients is of a nature to be very injurious to a road, and cause it to be 
in a heavy and dirty state, forming a great impediment to the traveller. 
See also what has been done by such a practice I Expense has been 
incurred in the purchase of this trash, in the carting (perhaps for 
miles), spreading, &c., and when it is on the road, instead of causing 
any improvement, it has rendered the condition of the surface worse 
than it was before. The evil does not end here, as additional expense 
must be incurred to have it scraped off again. Now the remedy is 
very simple. Suppose the material to be gravel, which by some 
persons is called pit-flint : let it be dug and sifted, in the first instance, 
through a three-quarter inch sieve, i. e., a sieve having the wires at 
the distance of three-quarters of an inch from centre to centre. 
When so far prepared, let it be broken by persons in a sitting posture 
with small hammers, and to such an extent that no stone shall be 
larger than two inches. When so broken, procure sieves having the 
wires one inch and a quarter from centre to centre, and let the gravel 
be sifted through them. This operation will be the means of sorting 
them. 

The largest size should be laid on in the winter, in any moist or 
bad situation, it being first ascertained that no stone exceeds two 
inches. K it should appear to have been ill broken, a two-inch sieve 
must be at hand to sort, as no stone of larger dimensions ought to be 
laid on a road. All that passed through the inch and quarter sieve, 
when required for use (which should be in the spring, as the last coat 
for the season), must be put into the three-quarter inch sieve, when 
being put into the cart. This will cleanse it of all pernicious matter, 
leaving nothing but stone to go on the road. It must not be urged 
that a waste of materials takes place by this last sifting, because that 
would be but a poor argument against the practice. The small portion 
of useful substance which will pass through the three-quarter inch 
sieve, is of no value to the road, and, when compared to the improve- 
ment which takes place in the quality of the gravel owing to the 
sifting, it ought not to bear a mementos consideration. These siftings 
will make excellent stuff for the footways, and if of a bright colour 
are of value for gardens. 

To some persons the process here described will appear to be 
expensive and tedious, but unless it be adopted, a road cannot be 
made good and cheap. Upon examination and experience, it will be 
found to cause (u much less annual expenditure in the repair of a 
road| aa the road itself will be superior to the old ones. Let w flee 
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urbat the expense of prefMuing the materials according to the plan 
described will amount to. 

The old method used to be, to sift once (although not eyen once m 
all cases), which brought it into the same state as it is in by the new 
mode, before being broken. Then, when the rate of wages is two 
shillings a day, pit gravel of the average degree of quality, can be 
broken for sixpence per cubic yard, so that no stone shall be larger 
than two inches. The price paid for sorting through an inch and 
quarter sieve has been two-pence per cubic yard, and the next 
additional expense is for an extra man when loading, that the portion 
which passed through the inch and quarter sieve may be cleansed by 
screening it again in the three-quarter inch sieve, and will amount to 
one penny a yard. These three items of expense amount to nine-pence 
per cubic yard. For this sum the materials are brought into a state 
perfectly proper for making a good road. 

Now if the ill-prepared materials could make a good road, this 
expense, of course, ought to be avoided, but as that has been found, 
from woful experience, to be impossible, the practice here laid down 
ought to be resorted to. 

It is believed that few surveyors, even of reputation, take so much 
pains in this particular as they ought to do, and yet they make passable 
roads ; but it does not follow that if more care and nicety were shown, 
their roads would not be still better, and kept at less expense. It is 
confidently asserted, from experience, that their practice would be 
more reasonable and economical, were they to follow this course of 
preparation and sorting : first, because it is evidently wrong to lay on 
dirt, to be under the necessity of scraping it off again; and, secondly, 
because it is desirable, in order to prevent unevenness of surface, 
to lay on materials of one uniform size, whether that size be larger 
or smaller. 

When the expense of the old system, as far as regards materials 
only, is rightly calculated, it will appear that as much cost has been 
incurred for a pernicious or useless substance, as the labour of pre- 
paring and sorting amounts to. Let it be considered, that if a cubic 
yard of gravel, delivered on the road unbroken in both cases, cost 
two shillings and sixpence, and in its unprepared state it contain only 
one-tenth part clay or dirt, this would amount to three-pence out of 
the two shillings and sixpence. Now it has been shown, that for this 
three-pence the gravel can be sorted and sifted, so as to cleanse it of 
this matter. The money, therefore, which has hitherto been paid for 
worse than useless material, is, by the practice herein described, 
expended in rendering it fit for making a sound, good, and clean road. 
In this comparative statement, the expense afterwards necessary to be 
incurred in scraping off the dirt brought upon the road by the old 
system^ is left out of the question ; but the reader^s own imagination 
4[nay .conceive the.difference>of expense which must ariae betweeathe 
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two courses. Attention must, therefore, be paid, in a most decided 
manner, to the preparation of the materials in the way described, 
not only to save expense, hvit in order to produce the most perfect 
state df repair. 

SIZE OF MATERIALS. 

it has before been Said, that no stone should be larger than iir o 
im^hes; but this 'remark implied only to gravel, or other brittle 
mbatanee. The tongher the nature of the material, however, the 
smaller the size should be. Granite broken to the size of an inch 
«iibe, must make a more durable and better road than if broken to 
ithe size of -two inches: upon this principle, viz., the weight of a cubic 
^^d of granite in a solid stone is forty-two cwt.; when broken to the 
mzB of -three inches, it loses more than half its weight. Nevertheless, 
when onee the solid stone is broken, the smaller the pieces into which 
it is dihrided, the more it approaches the solid stone again; conse- 
quently, the more minutely you break the materials, the greater will 
be the weight of the cubic yard; because there will be more stone in 
it, and a smaller portion of interstices. 

The interstices, when the material is on the road, become occupied 
by matter of inferior and pernicious quality, such as mud, water, &c., 
and therefore, the more nearly you approach the solid the better. If 
ihe thickness or depth of substance of road should be twelve inches, 
surely it is better to cause that twelve inches to be composed of as 
much granite, or hard material, as possible; and the way to effect this, 
is to briug it as near to the solid stone as you can, by breaking the 
pieces into minute parts. You will approach then to the solidity of 
the paved streets, with the advantage of having your surface cemented 
"together, instead of its being liable to be disturbed by the displacing 
of the separate stones. 

It has been kid down as a principle, that " the tougher the nature 

of the material the smaller the size should be;^* because if a brittle 

'substance, Hke flmt, be too minutely broken, or rather if it be struck 

with a hammer beyond a certain point, it will fly into powder. It is 

'upon this aoeount that directions are given to break flint or gravel, so 

that no stone be larger than two inches. In reducing them to this 

Aze, there will, of <M>urse, be many atones of much smaller dimensions, 

'but there should be none larger. If they be larger, and the materiab 

not sorted, but laid on all promiscuously together, the large stones will 

appear above the general surface of the road as wear takes place ; and, 

on the other hand, if sorted, the larger size will, upon the principle 

before laid down, not form so solid or good a road as when broken to 

the proper dimensions. There are many kinds of flint and gravel, 

•some n»9re elastic or less brittle than others; aad it is necessary, 

therefore, for a surveyor, before determining upon the size to which he 

will have them broken, to examine into the nature and quality of them. 
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QUAKTITY OF MATERIALS TO BE LAID ON AT ONE TIME. 

This is a point of great consideration, and one in wblcb the greatest 
error in management is shown. The extreme importance of this part 
of the art seems to be overlooked, not by the commonplace and 
inefficient officers only, but by many of the most zealous and able 
surveyors. It is the practice of the first and most eminent men in 
this department of useful science, to lay on materials of several inches 
of thickness in one coat, without even opening the surface to receive 
them. 

We contend, from reason and practice, that such a course of pro- 
ceeding is altogether extravagant, and has a bad effect. It should not 
be followed under any circumstances ; not even where there is too thin 
a Bubstaiice of road, and where they are laid on with the view of 
increasing it, or bringing the road up to its proper point of power. 

When a thick coat is laid on, the destruction of the material is very 
great before it becomes settled or incorporated with the road. The 
stones will not allow each other to be quiet, but are continually 
elbowing one another, and driving their neighbours to the left and right, 
above and below. This constant motion has the effect of wearing off 
the angular points, and of producing mud or dirt, and of reducing the 
stones to a circular form. When in this state, their chance of 
becoming fixed and incorporated is in a great measure done away and 
destroyed; and the road is consequently never seen in its proper 
shape. Whenever pressure is applied the stone yields, and instead of 
the carriage passing over it without injury, it is constantly upon the fret 
and wear, and in a short time more material is considered necessary. 

It is one of the greatest mistakes in road-making that can be com- 
mitted, to lay on thick coats of materials, and when understood will 
be no longer resorted to. K there be substance enough already in the 
road, and which indeed, should always be carefully kept up, it will 
never be right to put on more than a stone's tliickness at a time. A 
cubic yard nicely prepared and broken, as before described, to a rod 
superficial, will be quite enough for a coat, and if accurately noticed, 
will be found to last as long as double the quantity put on unprepared 
and in thick layers. There is no grinding to pieces when so applied ; 
the angles are preserved, and the material is out of sight and incorpo- 
rated in a very little time. Each stone becomes fixed directly, and 
keeps its place, thereby escaping the wear and fretting which occur 
in the other case. 

Supposing it necessary to increase the substance of road, and it is 
intended to apply materials for that purpose, and not merely to make 
good the wear and tear, it should be done in like manner by thin 
coats. As soon as one is embodied, apply another and another, until 
the desired power be obtained^ but b^ no means put the whol9 
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thickness on at once. When that is done, the road remains in a loose, 
unsettled state for a tedious time, rendering the draught distressingly 
heavy and annoying to the public, with a great loss of material, as 
before described. Besides which, the sections will be found, when the 
metal is at last embodied, very imperfect. The wheels will have 
followed each other in a line, causing ruts and irregularities. The 
sides will have become worn down before the centre of the road, and 
the surface generally will present anything but a true and even section. 
It will also be loose, and composed of the small particles of the 
material which itself has caused, and when much labour has been 
bestowed in scraping it off, the substance will be found not to have 
increased in proportion to the quantity laid on. 

The point to be obtained is, a hard crust or surface, which is to 
come into immediate contact with the- tire of the wheels ; a surface 
which will cause as little friction as possible, when pressed upon by 
the passing weights. This, then, by the one practice, can be effected 
in a much greater degree than by the other. By preparing the 
material as before described, there will be nothing but the clear stones 
to be laid on ; and by opening the road to receive them, and putting 
a coat of a stone's thickness at a time, no grit is produced. The 
stones form a new crust, composed of nothing but hard substance ; 
and the consequence is, that much less opposing matter is presented 
to the wheel, and the draught is therefore lighter. When the draught 
is lighter, the wear and tear is less, and the result is, that the slight 
coat will last as long as the expensive thick coat. Which is the most 
desirable practice must be obvious to every one. 

UFTING. 

Of the ntility, indeed, of the absolute necessity of this operation, 
no doubt can be entertained by any one who has once put it into 
practice. It will be found of the utmost importance in dealing with 
parish roads, which, for the most part, have scarcely a true section 
in them. 

Supposing a road is to be put in order which is found to contain a 
vast quantity of large flints or stones, which from time beyond the 
memory of man have lain there undisturbed. The form of the road 
is hideous to view, and absolutely dangerous to travel upon. In some 
parts one side of the road is a great deal higher than the other, 
containing immense obstacles to your passage, in the shape of hillocks 
of stone, from the top of which, away goes the wheel into a hole, 
corresponding in depth with the height of the hillock, and altogether 
forming a section sufficient, without great care on the part of the 
driver, to overturn the carriage. Now, how can such a road as this 
be dealt with but by going to the root of the evil? To apply more 
materials when there are too many already would be absurd; yet 

8 
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snch vrbx&d be the practice of the old school. Cart-loaAs of iJie fstane 
huge materials would be brought and shot down, as little prepared as 
the road itself is to receive them. What must ensue from such a 
course of proceeding but a continuation of the same form of road ; to 
be travelled over in the same rough, dangerous, and miseraible condition? 
A great expense, however, will have been incurred in carting these 
huge masses to the road, but no improvement effected. Surely it must 
appear evident that the simple mode of proceeding would be, to provide 
those poor industrious people, who would cheerfully work if they 
could find employment, with pick-axes, shovels, hammers, and rakes. 
Then to direct them to strike well into the root of the evil, to pick up 
this mis-shapen piece of work to such a depth, that the section of the 
road may be made true ; that all the stones that may be found there 
may be taken out and broken, and when so broken again returned to 
it. In many instances more materials will be found than the road 
requires ; and again, in some instances, there may not be substance 
enough. Under such a state of things, it is obvious what coarse 
should be pursued, so as to render the purchase of additional materii^ 
unnecessary. 

Here, then, we find nothing but mantud labour required, effeetxxsSlf 
directed by the practised surveyor ; and it may fairly be deduced 
that, instead of incurring a large expense in cartage, without pt6£ixicmg 
any improvement, a good road will be made without much, if ainy, 
additional cost. This may be asserted, because the power which has 
been employed in it would have remained unproductive and suppoifted 
in its idleness by the same parties who have the charge upon them ^ 
repairing the highways. However, even setting that consideration 
aside, and looking only to the absolute cost of the two systems in 
this one single case of repair, it will appear that the new practice is 
decidedly the cheapest; for example, the old school, wii^aviewof 
repairing this unfortunate-looking road, would bring two cubic yards 
of materials at the least to the rod superficial, which at a moderate 
computation would cost 3*., but more probably 58. per yard, which 
would be 68, per rod. The lifting in the case similar to that d€ttcribed 
would be done for !«. per rod superficial, and the breaking the flints 
which would come out would cost 1«. per cubic yMrd. Now, even if 
two cubic yards per rod should be taken out of the road so lifted, the 
expense would not amount to more than half of the cost of the old 
practice. To say nothing, then, of the saving in a course of yeans 
by the durability of a road formed under the new system, and which 
has been found in some cases even where the traffic is considerable, 
by the side of a large town, to last for seven years without an additional 
stone being applied ; to say nothing of the saving to the public in 
wear and tear of horses, carts, and tackle; to say nothing of the 
comfort of travelling a smooth road; and also to say nothing df 
employment being, by the new system, found for the j^oor: jrdt a'rooQ 
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can be niAintained good and perfect for half the sum under the ne 
system, which, under the old^ is expended without improvement. 

The mode of lifting just described applies to roads in the worst 
condition as to the sections and former preparation of the materials. 
There are other cases which call for the operation of lifting. The 
next is, when the road is partially out of form, having at the same time 
in its substance materials the nature of which is not large, but 
consisting of inferior pebbly stuff. Here we must not go to the extent 
and depth, as in the last case, but just pick it up sufficiently to produce 
a good section. Here, too, perhaps, there is not weight of metal enough 
to sustain the burthens the road is liable to. If so, after the lifting is 
performed, and before the surface becomes settled, a coat must be 
applied ; and attention must be paid to the surface, by scratching it 
with the tooth-rake regularly all over, as occasion requires. 

Lifting again must be resorted to when granite or other material of 
the hardest kind is used, and which has been for some time the usual 
substance provided for the road. It is more particularly necessary to 
loosen the surface which contains granite, because the additional 
supply cannot so readily become incorporated when the road is already 
hard. The two substances being of similar hardness, oppose each 
other for the possession of the surface ; the one, however, which is 
already fixed has the advantage over the one newly brought on, and 
the consequence is that it becomes partially worn away by the action 
of the wheels before it is forced into the society of the rest. If 
granite were proposed to be laid on a gravelled road, there would not 
be 90 much necessity for lifting, because the weaker must give way to 
the stronger substance; at the same time it would be advisable in 
this case to loosen the surface to admit granite. In the operation, 
however, it would not be necessary to do more than just to bury the 
point of the pick-axe to the depth of an inch and a half, to produce, 
as it were, a soft bed for the granite to repose upon, bearing in mind a 
former injunction, not to lay on more than a cubic yard to a rod 
superficial. The object to be gained by lifting, when additional 
materials are applied, is, that they may become incorporated imme- 
diately before any injury has been done to them by the wheels. When 
the surface is open, each stone takes its place as soon as laid on, and 
is enabled to retain its place by the assistance which the angles afford 
it. On the contrary, if the road be hard and not opened, a great 
portion of the material is destroyed and rendered useless before 
incorporation, and the grit arising from the pulverization causes 
the draught to be heavy. In all cases, then, but when the road 
is extremely wet and soft, it will be advisable to open the surface 
to receive metal. 

On hilly parts of the road in particular, lifting should be resorted to 
at all times. If stones be laid on in these places they cannot be 
^xpept^e4 ^ unite with the road in the same position as they were 
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intended to do if not lifted. They will, of course, work longitudinally 
down the hill, and also roll on either side into the water-tables. The 
necessity for having the cross sections sharper down a declivity, in 
order to draw away the water quickly, causes the material to roll 
more rapidly off the road. 

TRANSVERSE SECnONS. 

If a man be not sensible of the necessity of true cross sections in 
road-making, he is not qualified for a surveyor. How can the surface- 
water escape, if the sides of a road be higher than the centre ? It must 
remain soaking into the materials, rendering them soft and powerless, 
and causing rapid decay to all the substances within its influence. 
This, one would imagine, must be known to all, and yet how little 
attention is paid to this part of the subject. Even on roads having 
great traffic, and to which one would expect particular attention to be 
paid, the grossest errors in this respect are committed. 

A road should fall transversely from the centre to the water-tables 
at the rate of 1 in 24 along flats or level ground, and sharper in pro- 
portion as declivity increases. It is made rounder, or the section is 
sharper down a hill, that the water may be the more quickly carried 
off to the sides into the water-tables, for, if not quickly carried there, 
it will run longitudinally down the road, to its great injury. Let it be 
borne in mind that the boldest surgeon makes the best cure. If, 
therefore, the road be defective in its transverse sections, showing the 
water-tables higher than the centre, be not afraid to cut deep, always 
remembering that the true form must be produced, and that if you 
stop short but one inch in the operation, no good will have been 
effected. It is well known that in cauterizing a wound, if but a small 
particle of gangrene remains, the cure is not accomplished, and mis- 
chief ensues ; so in road-making, if the water- table be in the slightest 
degree higher than it should be, the water cannot be drained into it. 
Fear not, then, but cut on; and if, in obtaining the proper fall, you 
are driven into the substratum, and have no hard substance left, take 
out the substratum still deeper, and fill up with sound materials. It 
is necessary, and perhaps more necessary, to have as great a degree of 
substance at the sides as at the centre of the road, particularly where 
the traffic is great. In passing each other, carriages must travel on 
the sides ; and if there be a formed footway, it will be found that 
carters use it, keeping their teams on the sides of the road just within 
reach of the whip. Be careful, however, not to make the section 
sharper than in the above proportions, if the ground lie tolerably level, 
for if a road possess too much of convexity, the chance is destroyed 
of keeping the materials fixed and well embodied. The bearing of 
the wheel is then not perpendicular, and has a tendency to displace 
the metal, particularly if of a circular form, and the draught becomes 
heavier for the horses. When the repair of a road is well conducted, 
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the body of it will be sound and the surface smooth ; and when so, 
a very slight convexity will serve to carry off the water, which is the 
only motive for keeping any convexity at all. 

Again, when a road is very round, the carriages are naturally enough 
conducted along the crown of it, causing it to be worn much in that 
part, and but little in the other parts, and thereby producing ruts. 
The foundation, therefore, should possess the same section as the 
sur&ce, and an uniform thickness of materials be found upon it. 
When this is the case, the road will be more likely to be kept dry, 
than when it is made flat, and the surface section obtained, by having 
a thicker substance of metal at the centre than at the sides. 

ONE-SIDED SCADS. 

All principle is against the form of one-sided roads, yet they are to 
be seen in every direction. In order to keep a good road it is neces- 
sary to draw off the water as soon as possible, that the materials may 
not be sacrificed, and that the draught may be light. Will a one- 
sided road effect this ?— ^No. The water has to pass over twice the 
surface of road before it reaches the water-tables ; and the result is, 
that the lower part of the one-sided road becomes doubly saturated 
with water, and the wear unequal. This calls for an additional coat 
in that part of the road, and causes a system of repair which militates 
against the chance of having a true surface. If first one side of a road 
be coated and then the other, it is very difficult to obtain equal wear 
over the whole. An endeavour should be made to cover all the 
surface at once, and so slightly, that the public may not fear to travel 
over all parts alike. But this will not take place on one-sided roads, 
for the reason just given. 

Then, to cause as little wear as possible, the pressure upon the sur- 
face should be perpendicular. On a one-sided road a carriage cannot 
stand upright, for the weight bears more upon one wheel than another, 
and not only more upon one wheel than another, but upon one edge of 
that wheel. It has a constant tendency to slide towards the lower side 
of the road, and by that motion displace the materials. The shifting 
of the materials renders the road heavier to travel upon, and a compound 
motion being produced by the tendency of the wheel so to work down 
to the water-tables, the draught is made still heavier for the horses. 
There are very few cases which will justify the practice of having one- 
sided roads, for the reasons above stated, 

SPREADma. 

Having gone through all the preliminaries necessary to be described 
before the coat is laid on, we must now describe the manner in which 
this should be done. 

To the generality of persons it will seem that, to say anything upon 
this point must be superfluous, but it is not so. Much more dependfi 
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Dpoo this operation than ft casiutl obaerrer would suppose. In hfii^ 
it would be impossible to obtftin a true section if this part of the art 
be neglected. The general mode of doing it is, to have the load shot 
down upon the spot which is supposed to require additional materials; 
ft portion of it is then pushed to the right and left, and the main body 
left upon that part of the road where it was first placed. The conse- 
quence is, that the part of the sur£ekce containing the greatest portion 
of materials will, when those materials are embodied, present a section 
of great inequality. The carriage will then have an undulating motioi^, 
very distressing to the parties trayelling by it. 

The proper mode of spreading is this : To cause the load to be shot 
down a short distance from the place upon which you wish the mate- 
rials finally to be spread ; and to direct the spreader to cast every 
shovelful! from him equally all over the surface, and in such a manner 
as he would do if he were sowing wheat broad-cast. The road wi]jl 
then be not thicker in one place than another, and a section will be 
produced, perfect and true. 

THE RAKE. 

The rake is a very useful implement, but at the same time, if the 
practice herein described, of laying on coats of only a stone's thick- 
ness at a time, be adopted, it will not be so much called for as in the 
old practice of thick coating. However^ it should always be at hand 
to level any irregularities which may occur whilst the materials are 
going down. If any ruts appear this tool must be used to keep a 
regular even surface, but caution must be observed in its application. 
The labourer, if left to himself, when a rut shows itself, will gather all 
the loose stones he can find, and draw them into the rut, with the v^W 
of levelling it ; but this does mischief, and should not be allowed, 
because by doing so he causes the road to be harder in those places 
than the rest of the road. In the summer, it will present an uneven 
surface, showing longitudinal ridges where the ruts were, and be the 
means of forming a barrier to the escape of the water. In using the 
rake, then, let him work it backwards and forwards on each side of 
the rut, and across it, and if he do it with his eyes shut, he will do 
more good than by taking pains to gather all the stones he can find to 
place in it. 

scRAPma. 

If it be desirable to keep a road dry at the foundation, it must be 
equally so at the surface. By drawing the water quickly from the 
surface, the drainage at the foundation is comparatively of less con- 
sequence, because it has not time to soak through to the bottom. If 
mud be allowed to remain on the road, the water is impeded in its 
course towards the water-table, and by dwelling on the surface finds 
its way to the subsoil. Great mischief arises to the materials, aud 
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they are rendered Boit and powerless, causing the draught to be very 
heavy and the road unpleasant to be travelled upon. The moment, 
then, that mud appears let it be scraped off and removed immediately 
from the road. 

SUN AND WIND. 

K a road be inclosed by trees or high hedges, it will be impracti- 
cable to keep it good, and, at the least expense, the additional 
charges are great when so situated. Every attention should be paid 
therefore to enforce the law, so as to have the hedges kept low and 
the trees trimmed. Too great indulgence is by the present Act given 
with respect to trees, as a surveyor cannot compel parties to trim 
them up in all cases, for if situate in a garden, yard, park or paddock, 
or if they may be deemed ornamental, or a shelter, he cannot touch 
them. In general, it is considered that private interests should yield 
to public good, but in this instance the rule is departed from, to the 
great inconvenience and annoyance of the traveller. 
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